Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

8-14-2015

Quality Testing and Selection of Soybeans for Cultivation in
Mississippi for Soymilk and Tofu Production
Shi Meng

Follow this and additional works at: https://scholarsjunction.msstate.edu/td

Recommended Citation
Meng, Shi, "Quality Testing and Selection of Soybeans for Cultivation in Mississippi for Soymilk and Tofu
Production" (2015). Theses and Dissertations. 3686.
https://scholarsjunction.msstate.edu/td/3686

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Automated Template C: Created by James Nail 2013V2.1

Quality testing and selection of soybeans for cultivation in Mississippi for soymilk and
tofu production

By
Shi Meng

A thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Food Science
in the Department of Food Science, Nutrition and Health Promotion
Mississippi State, Mississippi
August 2015

Copyright by
Shi Meng
2015

Quality testing and selection of soybeans for cultivation in Mississippi for soymilk and
tofu production
By
Shi Meng
Approved:
___________________________________
Sam K. C. Chang
(Major Professor)
___________________________________
Mohammad Sepehrifar
(Minor Professor)
___________________________________
Zahur Z. Haque
(Committee Member/ Graduate Coordinator)
___________________________________
Wen-Hsing Cheng
(Committee Member)
___________________________________
Anne M. Gillen
(Committee Member)
___________________________________
George M. Hopper
Dean
College of Agriculture and Life Sciences

Name: Shi Meng
Date of Degree: August 14, 2015
Institution: Mississippi State University
Major Field: Food Science
Major Professor: Sam K. C. Chang
Title of Study:

Quality testing and selection of soybeans for cultivation in Mississippi
for soymilk and tofu production

Pages in Study: 82
Candidate for Degree of Master of Science
Soybeans with large seed size, uniformity, clear hilum, and high 11S/7S ratio are
favored for soymilk and tofu making. In order to find ideal soybean lines for food
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INTRODUCTION

Soymilk and tofu are very popular in East Asian countries and have been gaining
acceptance in the United States and Canada (Kohyama and others 1992; Lim and others
1990). Among all the factors influencing the quality of tofu, the cultivar (genotype) of
soybean is an important one. People believe that good tofu only can be made by using
quality soybeans (Chang, 2007). The yield and quality of tofu have been reported to be
affected by soybean varieties due to the differences in their chemical compositions (Cai
and others 1997; Kamel and others 1982; Lim and others 1990; Schaefer and Love, 1992;
Skurray and others 1980; Wang and others 1983).
It is generally known by soybean breeders and processors that soybean with high
protein and large seeds will result in better tofu quality and create higher tofu yields
(Bhardwaj and others 1999). In the market, soybean with clear hilum, round and uniform
shape are favored. Besides total protein content, the distribution of storage protein also
affects the quality of tofu. It was reported that glycinin (11S) and β-conglycinin (7S)
proteins in soybeans have different effects on tofu firmness and smoothness (Saio and
others 1969; Saio and Watanabe, 1978). Recent studies demonstrated that the ratio of
11S/7S soybean proteins may influence the textual quality of tofu (Cai and Chang, 1999;
Chang and others 2003; Kim and Wicker 2005; Yang and James, 2013; Zhang and
Chang, 1996). Among the storage protein subunits, A3 acidic polypeptide of 11S plays an
1

important role in the hardness of the gel. It is beneficial for tofu manufacturers to be able
to control the firmness and smoothness of tofu products to meet specifications for desired
products (Cai and Chang, 1999).
In the state of Mississippi, there are no known commercial non-GMO food-grade
soybean available for planting. In order to find soybean lines with seed that is suitable for
tofu production, and which may be suitable for growing in Mississippi, 68 soybean plant
introductions (PI) were selected from USDA Germplasm Collection. Initial selections
were made using GRIN (Germplasm Resources Information Network) based on the
following parameters: protein (42% or higher), lodging (2.5 or less), seed weight (18.525/100 seeds), seed quality (1-3), mottling (1-2), and frogeye (3). Then the 11S/7S ratio
was tested to be more than 1.45, which would be good for tofu gel forming.
Health-promoting effects of soybean phenolics including isoflavones and
antioxidant capacity have been reported (Liu and others 2005; Xu and Chang 2008b).
Besides isoflavones, polyphenols such as flavonoids, condensed tannins and free phenolic
acids are also important for their antioxidant effects, which were shown to be different
among soybean varieties (Xu and Chang 2008b). Soybean selection based on phenolic
content and antioxidant capacity may be important for human health improvement.
With the help of Dr. Gillen of USDA-ARS, 68 varieties were planted three times
to increase the quantity. Twenty two varieties with excellent seed size, high protein, and
ideal peptide subunit patterns for tofu making were identified by electrophoresis,
phenolic composition and antioxidant capacity analysis for further screening.
The objectives of this study were (1) to screen and select suitable soybean lines
for soymilk and tofu making; (2) to determine if there was a correlation between storage
2

protein profile (11S/7S ratio or A3 subunit percentage) and tofu quality (firmness); and
(3) to investigate the phenolic and antioxidant properties of these lines.

3

CHAPTER II
LITERATURE REVIEW

2.1
2.1.1

Overview of soybean
Soybean protein composition
Since soybeans for making tofu and soymilk usually contain higher protein

content (usually>40%), it is important to analyze the protein of soybean. Significant
advances have been made in studying the basic physio-chemical properties of the major
soy storage proteins and their subunits by using such techniques as differential solubility,
ion exchange chromatography, gel filtration chromatography, immuno-electrophoresis,
isoelectric focusing and dissociating gel electrophoresis (Brooks and Morr 1985).
Approximately 90% of the total soybean proteins are storage protein and are extractable
with water or dilute salt solutions. Most of the storage proteins in soybean are globulin
and consist of 2S, 7S, and 11S proteins which were named on the basis of their
sedimentation rates. The 7S and 11S proteins are the two major storage proteins, which
comprise approximately 70% of the extractable proteins and are responsible for the
gelation in tofu making. The 2S protein accounts for about 20% of the extractable
proteins, which also contain protease inhibitors (Kunitz and Bowman-Birk trypsin
inhibitors) and cytochrome C (Steiner and Frattali, 1969). As soybean seeds mature,
many organelles, such as the nucleus, mitochondrion, and endoplasmic reticulum
4

disappear, and storage protein deposits in large bodies that are surrounded by many small
oil bodies (Chang and others 2003).
2.1.2

β-Conglycinin
β-Conglycinin (7S) is a complex protein, accounting for about 25-35% of the total

seed protein. It is a trimer with a molecular mass of 150-200 kDa. Three major subunits
are identified: α, α’, and β. β-Conglycinin exhibits molecular heterogeneity, in which 7
molecular species have been isolated and their subunit composition are identified as α’ββ,
αββ, αα’β, ααβ, ααα’, ααα, and βββ (Morita and others 1996; Thanh and Shibasaki 1978;
Yamauchi and others 1981). The molecular mass is 57-59 kDa for α and α’ subunit and
42-44 kDa for β subunit (Thanh and Shibasaki 1977). The 7S proteins are related to the
elasticity of tofu (Utsumi and others 1997). For soybean designed to make soymilk, a
variety with a higher β-Conglycinin content is more favorable since it is more
hydrophobic and may form a better emulsion which makes soymilk more stable (not to
form particulate precipitate) during product storage.
2.1.3

Glycinin
Glycinin (11S) accounts for approximately 35-45% of the total seed protein. It is a

hexamer with a molecular mass of about 300-380 kDa. Each subunit is composed of an
acidic polypeptide (An) with a molecular mass of approximately 35 kDa and a basic
polypeptide (Bn) of approximately 20 kDa. The acidic and basic polypeptides are linked
together by a single disulfide bond shown as An-S-S-Bn (Nielsen 1985). In the seed,
initially a polypeptide precursor is synthesized and then processed post-translationally to
form the acidic and basic polypeptides (Utsumi 1992). Five subunits are identified by
5

Nielsen and others (1989) and Utsumi and others (1997): A1aB1b (G1), A2B1a (G2), A1bB2
(G3), A5A4B3 (G4) and A3B4 (G5). The subunits can be further classified into two groups
based on sequence homologies (Nielsen 1985). Group I subunits (A1aB1b, A2B1a, A1bB2)
are size uniform (~58 kDa) relatively rich in methionine and cysteine, and exhibit about
90% sequence homology. Group II subunits (A5A4B3, A3B4) exhibit a smaller level of
homology (about 60-70%), and contain less methionine and cysteine, but are larger (~6269 kDa) than group I. The A5A4B3 (G4) subunit is synthesized as a single polypeptide
precursor similar to the others, however the acidic polypeptide is cleaved to produce A5
(10.6 kDa) and A4 polypeptides (Utsumi, 1992). All five subunits of glycinin are present
in most soybean varieties except A5A4B3 (Nielsen 1985), which is absent in 20% of the
Japanese varieties (Harada and others 1983). Glycinin of varying subunit compositions
exhibits distinguishable gelation properties in making tofu.
2.1.4

Gelation of isolated soy proteins and influence of protein subunits
Generally, denaturation is essential for proteins to gel. Heating an aqueous

soybean globulin dispersion (concentration > 8%) extracted from defatted soybean flakes
activates the protein sol to progel state which is characterized by a marked increase in
apparent viscosity measured at the ambient temperature of the progel. After cooling of
the progel, the gel is formed. The process is reversible, which means progel can be
regained by heating the gel (Catsimpoolas and Meyer 1970; Renkema and Vliet 2002).
Heat-induced gel formation by soy proteins (in neutral pH) involves several processes
such as denaturation, aggregation (disulfide bridges play a role in this process), network
formation and gel stiffing (Renkema and Vliet 2002). Gel stiffing during prolonged
heating is produced by rearrangements in the network structure and probably to some
6

extent by further incorporation of protein into the network. The process is thermosreversible and no disulfide bond formation or rearrangement are involved in the network
structure. The bonds involved in the sol-progel and progel-gel transitions appear to be
mainly of noncovalent nature (Catsimpoolas and Meyer 1970; Renkema and Vliet 2002).
Glycinin and β-conglycinin exhibit apparent denaturation at temperatures of 90 °C
and 75 °C, respectively (Hou and Chang 2004). Therefore, glycinin is more heat-stable
than β-conglycinin (Hermansson 1986). The 11S gels prepared in the presence of
coagulant calcium sulfate are harder and show larger breaking stress, breaking strain, and
young modulus than 7S gels (Kohyama and others 1992; Saio and others 1969; Saio and
others 1973). Sulfhydryl-disulfide interchange reaction is important in the formation and
maintenance of the structural matrix of 11S gel. No SH/S-S exchange reaction
participates in the 7S-gel formation, whereas hydrophobic interactions and hydrogen
bonds play an important role in the formation and maintenance of the gel network of 7S
proteins (Utsumi and Kinsella 1985a)
Glycinin forms gels as a result of aggregation to form strands followed by
interaction of the strands to form the gel network (Nakamura and others 1984). The
thermal gelation of glycinin at 7.5% concentration, 100 °C, pH 7.6, and ionic strength 0.5
proceeds through two stages: association of glycinin molecules to form soluble
aggregates in the form of strands (stage 1) followed by interaction of the strands to form
the gel network (stage 2). At the second stage, unlike the first stage, 100 °C is not
required. To make gels of glycinin, maintaining the temperature at 100°C during the
entire process is not necessary (Nakamura and others 1985).

7

For glycinin, the rate of gelation, gel hardness and gel turbidity are affected
markedly by the subunit composition (Fukushima 1991). The gelling characteristics of
glycinin differs significantly among cultivars due to the different structure (subunits) of
the protein itself as well as protein concentrations. Subunit A5A4B3 is closely related to
ease of gel formation (Fukushima, 2000). Cultivars containing the A4 polypeptide in
glycinin form gels faster than cultivars without A4 (Nakamura and others 1984). When
proteins in soymilk gel too fast, it is not desirable to tofu texture. Soybean cultivars
without A4 polypeptide, which were identified as A5 by Nishinari and others (1991)
produce a harder and more solid-like (desirable) protein gel than those cultivars with the
A4 polypeptide in glycinin (Murphy and others 1997). From 485 lines of PI accessions
obtained from the Germplasm Collection Center, Dr. Hari B. Krishnan’s group at the
USDA ARS-Missouri Unit successfully identified 38 accessions containing Gy4 glycinin
gene mutants that do not produce subunit A5A4B3 subunit, which is not desirable for tofu
making (Kim and others 2008). Subunit A3B4 is related to gel hardness because the A3
acidic polypeptide plays an important role in increasing the hardness of the gel.
Nakamura and others (1984) found that the hardness of glycinin gels differs among
varieties, depending on the percentage of A3, which is the largest constituent acidic
polypeptide of glycinin. However, Tezuka and others (2000) showed that tofu curd made
from soybeans containing subunit A5A4B3 is the hardest when compared to tofu made
from soybeans containing subunit A3B4 or Group I subunits (A1aB1b, A1bB2, A2B1a) in
their glycinin protein.

8

2.1.5

Tofu gel properties influenced by 11S and 7S protein content in soybean
Soybean products are high in protein and low in fat. Soybean proteins are classified

into four groups, 2S (15%), 7S (34%), 11S (41.9%), 15S (9.1%) according to their
sedimentation properties (Fukushina 1991). Glycinin corresponds to the 11S protein, and
β-conglycinin is the principal component of the 7S protein (Yamauchi and others 1991).
7S and 11S globulins are two major soy protein constituents, which have different
structures and gel properties (Badley and others 1975; Kohyama and others 1995;
Kohyama and others 1992; Mujoo and others 2003; Tay and others, 2005)
Their content and ratio vary with soybean varieties and environment (Hughes and
Murphy 1983; Murphy and Resurreccion 1984; Saio and others 1969). These two
proteins constitute 55-75% of the soluble protein in the soybean seed. Environmental
influences seem to have a much greater impact on glycinin concentration in soybeans
than on β-conglycinin content. Genetics also has an influence on the expression of these
two proteins but to a lesser extent than environment (Murphy and Resurreccion 1984).
Because of the different gelation properties of the soybean storage proteins, many
researches have been conducted to correlate the proteins with tofu quality, however, the
results differ greatly. Several studies show that glycinin (11S) and β-conglycinin (7S)
have some relationships with tofu texture (KangII and others 1991; Murphy and others
1997; Saio 1979; Saio and others 1969). The 11S content is positively correlated with
tofu gel hardness when purified soy protein is used (KangII and others 1991; Saio 1979;
Saio and others 1969). Other studies also show that there may be correlationship between
11S/7S ratio and tofu texture quality (Cai and Chang 1999; Kim and Wicker 2005; Mujoo
and others 2003; Poysa and Woodrow 2002). The 7S and 11S protein contents in 13
9

varieties are 17.2-23.1% and 36.3-51.3% of total proteins, respectively, and the 11S/7S
ratio varied from 1.64 to 2.51 among the varieties (Cai and Chang, 1999). Furthermore,
there existed a positive correlation between tofu firmness and the 11S/7S ratio in various
soybean cultivars (Cai and Chang, 1999; Hou and. Chang 2004; Zhang and Chang 1996).
Kim and Wicker (2005) also found that tofu prepared from Danbaekkong (11S/7S ratio
0.93) was significantly harder, chewer and gummier than tofu made from Benning
(11S/7S ratio 0.38).
On the contrary, it is reported by Utsumi and Kinsella (1985b) that the 7S protein
formed harder gels than the 11S protein. Murphy and others (1997) reported a negative
relationship between tofu hardness and the 11S/7S protein ratio of food soybeans when
tofu was made from soymilk. The silken tofu made from one variety with absence of A4
subunits and lower 11S/7S ratio shows firmer texture (Yang and James 2013). There is a
weak relationship between the 11S/7S protein ratio and tofu quality reported by Skurray
and others (1980) and Taira (1990). The conflicting reports may be partly due to different
methods used for processing since Cai and Chang (1999) found that processing methods
affect 7S- and 11S- protein content in tofu, and their contribution to tofu hardness, yield
and sensory quality. Yuan and Chang (2010) indicated the need to standardize tofu
methods for better inter-laboratory comparison in the study of protein effect.
Furthermore, bean storage conditions affect protein’s secondary structure, and may
promote protein aggregations that are not desirable for tofu making (Chang and Hou
2004; Hou and Chang 2004; Kong and others 2008; Kong and Chang, 2009).
Aggregation may promote undesirable pre-gelation in tofu making. However, few
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references report the details of the storage history of the raw soybeans used for tofu
study.
In a complex food matrix such as soybean/soymilk (which is very different from
the purified protein system), there is a limit on tofu gel firming effect that is due to an
increase in 11S/7S ratio (Cai and Chang 1999), and the extent of the firmness increases as
responding to the ratio increase is cultivar-dependent. In the soymilk system as opposed
to the purified protein system, other biochemical constituents, such as phytate,
polyphenolics, minerals and lipids, play an important role in influencing tofu yield and
quality.
2.2

Phenolic compound in soybean
Besides the protein profile, the phenolic profile of soybean is also studied for the

health promotion concern, since the phenolic compounds are related to antioxidant
activity. Various human diseases such as cardiovascular diseases, neural disorders such as
Alzheimer’s and Parkinson’s disease, diabetes, and cancer are caused by free radical–
induced oxidative damage (Cai and others 2004; Shahidi 1997). Compared with an
oxidizable substrate, antioxidants are substances that delay or inhibit oxidative damage
when present in small quantities. Therefore, antioxidants can play a role in disease
prevention by effectively reducing free radicals or inhibiting damage produced by them
(Halliwell and Gutteridge 1997; Sies 1997). Geil and Anderson (1994) reported that
legumes were the important foods that provided nutrients to many people throughout the
world. Among them, some have health benefits and therapeutic properties.
Soybean, a common legume, has gained important position in the function of
prevention against the oxidative damage caused by the free radical, the major cause of
11

killer disease such as diabetes and cancer (Damasceno and others 2007; Nordentoft and
others 2008). It is generally accepted that high total phenolic content (TPC) in food have
significant antioxidant activity. Flavonoids, as one class of the predominant components
among phenolics, possess significant antioxidant activity. Flavonoids extracted from
legumes show antioxidant activity (Beninger and Hosfield 2003; Cardador-Martínez and
others 2002). Condensed and hydrolysable tannins with relatively high molecular weight
have also been shown to be effective antioxidants and have greater activities (15-30
times) comparing with simple phenolics (Hagerman and others 1998). There are many
works conducted on yellow and other colored soybeans’ antioxidative properties and
total phenolic content (TPC) (Kumar and others 2010; Xu and Chang 2008a; Xu and
others 2007). Yellow soybean may not have the highest TPC and antioxidant activity
from the studies above. However, a food-grade soybean cultivar with high phenolic
profile and antioxidant activity is always a good choice for consumers and breeders.
Since the food quality is not only for the suitability of making tofu or soymilk, the health
promotion part is also an important consideration.
2.3

Antioxidant capacity of soybean
Several methods have been developed and applied to measure antioxidant activity

in selected legume samples, including ferric reducing antioxidant power (FRAP)
(Halvorsen and others 2002; Nilsson and others 2005; Xu and Chang, 2007; Xu and
others 2007), 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging (Lee and others
2007; Madhujith and Shahidi 2005; Takahata and others 2001; Variyar and others 2004;
Xu and Chang 2007; Xu and others 2007), and oxygen radical absorption capacity
(ORAC) (Wu and others 2004; Xu and Chang 2007; Xu and others 2007). Antioxidant
12

activity assay is reaction mechanism dependent (Huang and others 2005). Extraction
method also influences the result. A combination of several tests with standardized
extraction method could provide a more reliable assessment of the antioxidant activity
profiles of foods. Xu and Chang (2007) investigated six commonly used solvent systems
and found that extraction solvents affected the yields of phenolic substances and the
antioxidant capacity of extracts from eight major classes of food legumes. The result also
showed that 50% acetone extract exhibited the highest TPC for yellow soybean. The
phenolic compounds correlated well with antioxidant activities.
2.3.1

The heritability of soybean quality
All soybeans are originally from China, they were spread to nearly countries and

in 1850 emigrated to North America. Almost all germplasms collected in USDA
Germplasm Collection Center are from East Asia. Since we are looking for soybeans in
Plant Introduction from other countries such as China or Korea, the heritability of
soybean quality (especially in protein profile, seed size and yield) is important to breeders
and customers. Some studies been done for evaluating the seed quality influenced by
environment, location and year (Fehr and others 2003; Helms and others 1998; Kumar
and others 2006; Rao and others 2002). A study from Poysa and Woodrow (2002)
showed that genotype and year effects were significantly greater than location effects on
soybean content and seed protein; soymilk and tofu yield, solid content and pH; and tofu
color, hardness and firmness. Compared with genotype and year effects, genotype ×
location and genotype × year interaction effects were minor. Rao and others (2002)
evaluated agronomic performance, genotype × environment interactions and yield
stability of twelve soybean genotypes, including three Japanese cultivars grown at four
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locations in the USA and found that the Japanese cultivars had larger seeds but were out
yielded by American genotypes. Nakasennari (one of Japanese cultivars) were considered
to be adapted for cultivation in the USA. Kumar and others (2006) tested seven Indian
soybean cultivars grown at four different locations and found that genotypic, locational
and genotypic × locational interaction were significant for protein, oil and unsaturated
fatty acids (P < 0.001). Latitude and rainfall all showed negative correlation with protein
content (P < 0.01; P < 0.001), while average daily mean temperatures during bean
development showed positive correlation with protein content (P < 0.05).
To study the heredity of 11S and 7S, fourteen cultivars were grown at eight locations
throughout Iowa in 1998, 1999 and 2000 and the role of genotype, environment, and
genotype × environment interactions on the components of 11S and 7S were determined.
No significant differences were found by Fehr and others (2003) among years or
locations for 11S, 7S and 11S/7S ratio, indicating that the relative performance of these
soybean cultivars grown at different locations throughout Iowa was consistent. However,
the result was inconsistent with some earlier findings (Helms and others 1998; Murphy
and Resurreccion 1984), in which the 11S and 7S were significantly different among
soybean cultivars grown at different years and different locations. The inconsistent result
may be due to the different heritability of soybean cultivars and resulting from different
environment grown. In order to get good quality and relatively consistent heritability
soybean lines, more soybean testings with wider location and environment under multiple
years’ cultivation are necessary.
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2.4
2.4.1

Tofu and soymilk
Variety and making method
Depending on the preparation method, textural properties and moisture content,

dry tofu (Dougugan), firm tofu (Momengoshi), soft tofu, silken tofu (Kinugoshi), and
filled (packed) tofu are generally classified. The first three types of tofu are pressed tofu
(Liu and others 2004). Tofu-making processing generally can be described as following
steps: soaking and grinding of soybean in water, filtering, boiling and coagulation of
soymilk, and molding and pressing of bean curds (Wang and others 1983).
Soaking process usually takes 8-10 h at 15- 20 °C or 12-16 h at 10-15 °C. The
beans weigh almost 2.2-2.3 times their initial weight after soaking process, which makes
the hydrated beans easier to be ground (Chang 2007). The ratio of bean to water is very
critical in terms of amount of protein extracted and properties of the tofu (Beddows and
Wong 1987). In order to meet the requirements for different types of tofu, the amount of
water added in the grinding process should be carefully controlled. For example, the ideal
amount of water for making silken tofu, soft tofu and regular tofu is 5, 7-8, and 10 times
with raw soybean weight, respectively (Saio 1979). Also tofu made of proper water
containing and balanced minerals (about 100 mg/L), including calcium, magnesium,
sodium, potassium, iron, and manganese provided a harmonious and mellow taste (Chang
2007).
Heating process can reduce the activity of trypsin inhibitor (Hou and Chang
2004). Heating temperature and time range of 80-105°C for 4-20 min are used by
manufacturers (Chang, 2007). Hot soymilk usually forms curd by adding salt and/or acid
coagulants. There are four types of coagulant: nigari-type, sulfate-type, GDL and acid
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coagulants. Nigari-type includes calcium chloride, magnesium chloride and sea water.
Sulfate-type includes calcium sulfate and magnesium sulfate. GDL is the abbreviation of
gluco-delta-lactone. Citrus juice, vinegar, and lactic acid are among acid coagulants. Each
type of coagulant has advantages and disadvantages. Nigari is natural and tastier
compared with other types of coagulants. Sulfate-type is most widely used and easier to
handle even for the unskillful tofu manufacturers with relatively consistent yields and
texture (Chang, 2007). This point is very important since for the tofu quality, consistent
tofu is desired for the consumers. Also the yield of tofu produced by sulfate-type
coagulants gives 15-20% higher bulk yield than the tofu made by nigari. The texture is
smooth with mild and bland taste. Even though the taste is slightly inferior to the nigaritofu.
The GDL type was first used by Japan to make the silken tofu in the 1960s
(Shurtleff and Aoyagi 2000). GDL-tofu is sour because the curd is formed by the acid
component. There are also some studies about the amount of coagulant needed for
making ideal tofu. It was reported that firm tofu made by using 0.4% of calcium sulfate
resulted in the most uniform and homogenous microstructure and retained the highest
protein and water in the tofu gel (Kao and others 2003). Another study showed that the
tofu yield, solid recovery and textural quality were optimal at 0.02 N CaSO4 for all 5
varieties (Sun and Breene, 1991). Our group reported the optimization processing method
for soft tofu with coagulant (Ca++) concentration of 0.27% to 0.32% (Shih and others
1997). For making various types of tofu, greatly varied conditions of pressures and
duration of pressing have been used by different researchers (Hou and Chang, 2004). It is
difficult to compare reported data and therefore a standardized procedure is needed for
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determining the quality of soybean in tofu making due to differences in soymilk and tofu
making methodology. In general, tofu manufacturers apply a small initial pressure of 24g/cm2 for about 5-10 min followed by a greater pressure of about 5-15 g/cm2 for 10-15
min to make soft tofu. For firm tofu, and is first broken and followed by a higher pressure
pressing of 20-100g/cm2 for 20-30 min (Chang, 2007; Shurtleff and Aoyagi 2000).
Five fractions are derived during processing soybeans into tofu: soak water,
water-insoluble residue, soymilk, tofu and whey (Wang and Cavins 1989). Soak water
and whey account for 14% of bean solids, 4.7% of bean protein and a small amount of
oil; the residue accounts for 30, 20 and 11%; and soymilk accounts for 63, 79 and 82%
respectively. Almost all oil in soymilk and 90% of soymilk protein are converted into
tofu. Approximately 52% of solids, 71% of protein and 82% of the oil in the soybeans are
converted into the tofu fraction (Wang and Cavins 1989).
2.4.2

Formation of tofu curd
According to several review papers (Chang 2007; Kohyama and others 1995; Ono

2000; Ono and others 1993; Ono and others 1991) about the mechanism of tofu curd
formation, there are 3 steps in brief:
Before heating the raw soymilk, most particles (medium size and large size
particles are more than 50%) are kept intact (Ono and others 1991). After the soymilk is
heated to 90°C, almost 75% of the large particles is degraded to supernatant proteins.
Because of the combination of 7S’ β subunit and 11S’s basic polypeptide, the number of
medium-sized particles increases (Ono and others 1991).This step is also called protein
denaturation by heat (Kohyama and others 1995).
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The final step (adding the coagulant into the heated soy milk) is a very important
part. Protein particles combined with lipid droplets and the gel network is first formed
through the binding of calcium when the coagulant is just added at a low concentration to
protein particles. This neutralizes the negatively charged protein molecules and causes
protein aggregation due to reduction in electrostatic repulsion (Ono and others 1993).
Almost all the lipids in soymilk are trapped and become indivisible by the combination
with particulate proteins, when about 50% of the proteins is coagulated with the
coagulant. The pH decreases with the availability of more coagulants (Ono 2000). A
stable tofu-curd emulsion network is finally formed with the binding of soluble aggregate
proteins and protein particles-oil droplet complex with a higher concentration of
coagulant. Phospholipids play a role in promoting the formation of particles by
combining neutral lipids within the network (Tomotada and others 1996).This step is also
called hydrophobic coagulation promoted by protons from GDL or by calcium ions. The
addition of GDL or calcium sulfate induces gelation by promoting aggregation via
hydrophobic interactions. Charge-charge interactions may also be subordinately involved
but the formation of disulfide bonds is not involved in this process (Kohyama and others
1995).
2.4.3

Tofu yield and quality-influencing factors of soybean
Soymilk and tofu quality characteristics are affected by raw material

characteristics, processing and storage. The identity-preserved and organic food soybeans
are preferred by the industry (Chang 2007). The size of soybean is not a factor to
influence the quality of tofu (Wang and Chang 1995). However, for the industry and
consumers, large and uniform soybean with clear hilum are favored.
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Genotype is the primary source of variation for most quality characteristics
measured in soymilk and tofu (Aziadekey and others 2002; Stanojevic and others 2011).
The 11S/7S ratio of soybean is correlated well with tofu’s hardness index. Also the β
subunit of 7S has a negative correlation with tofu hardness (Stanojevic and others 2011).
Seed composition, soymilk and tofu yield, solid levels, pH, tofu color, hardness and
firmness are more affected by genotype and growth year than the effects of location.
Genotype by location and genotype by year interaction effects are less relative to the
genotype and growth year effects (Poysa and Woodrow 2002).
Yield of soymilk and tofu is all positively correlated with protein and stachyose,
and negatively correlated with seed oil, free sugar, sucrose and other components. Seed
protein is the major determinant of soymilk yield and solid content, while soymilk yield
is, in turn, the major factor determining tofu yield (Poysa and Woodrow 2002). The yield
of tofu is positively correlated with protein recovery during processing (Shen and others
1991; Wang and others 1983).The yield of soft tofu was affected by solid content and
coagulant concentration. Solids and protein content of tofu were affected by two factors
including solid content of soymilk and concentration of coagulant. Solids and protein
content of tofu were affected by content of soymilk, concentration of coagulant, stirring
time and mixing temperature. Solids content of soymilk was the most important factor
affecting texture. Optimum combinations for making tofu were soymilk solid of 11.812.3 Brix, coagulant of 0.27-0.32, mixing temperature of 85-91°C, and stirring time of 511.3S (Hou and Chang 1997).
Besides protein effect on tofu, lipoxygenases, lipid and fatty acid content affect
the flavor of soymilk and tofu. Sugar content affects the taste. The bitterness and
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astringency of soymilk may be affected by phytate, saponins and isoflavones (Chang
2007).
Storage of soybean after harvest can also change the quality of tofu. Soybean
stored at 4°C showed no significant change of quality after 15 months of storage.
However, the soybean stored at high temperature (30-50°C) showed dramatic quality
loss, including decrease of tofu yield, the lightness of soybean, color difference and solid
extractability. High humidity also causes quality degradation (Kong and others 2008).
Therefore, soybeans should be stored in a relatively low and cool temperature to maintain
the quality (Hou and Chang 2004).
2.4.4

Quality of tofu
The tofu texture should be smooth, firm and coherent, but not hard or rubbery

(Kim and Wicker 2005). The quality of tofu can be evaluated by the yield, color, texture
analysis and sensory evaluation. A small scale (bench scale, 139 g bean, manual method)
and pilot-plant scale (production scale, 6500 g bean, automated machine method) were
compared and showed significant correlations in tofu yield, color, texture, and chemical
composition (moisture, protein, lipid, ash, calcium and magnesium) (Cai and others
1997). Different researchers use different parameters for tofu texture analysis. The
optimal Instron settings for measuring textural qualities of 13 different types of tofu has
been investigated by Yuan and Chang (2007) using the selected parameters (75% plunger
penetration, crosshead speed of 60-100mm/min, cylindrical sample size of 44 mm in
diameter and 1.5 cm in height). The results obtained from the Instron machine correlated
well with human sensory testing methods. In order to get to know any off-flavor and
overall quality of tofu, sensory testing by humans who have been trained is very
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important and necessary. Therefore, a combination of texture analysis by Instron and
sensory testing by human is the most appropriate for the tofu quality evaluation and
cultivar comparison.
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CHAPTER III
MATHERIALS AND METHODS

3.1

Materials
Sixty-eight soybean lines (50 seeds/ each) were selected from USDA Germplasm

Collection in 2012 and planted in Stoneville, Mississippi for increase in the summer of
2013. Twenty-two lines were retained after selection based on seed size, appearance and
11S/7S ratio and were increased in winter 2013-2014 in Puerto Rico by Illinois Crop
Improvement. To increase the quantity of seed, 22 lines were grown summer 2014 in
Stoneville, Mississippi.
(+)-Catechin, DPPH radical, fluorescein disodium (FL), Folin Ciocalteu reagent,
gallic acid (GA), sodium carbonate, 6-hydroxy-2,5,7,8-tetramethlchroman- 2-carboxylic
acid (Trolox), vanillin, 2,2-azobis (2-amidinopropane) dihydrochloride (AAPH) were
purchased from Sigma Chemical Co. (St. Louis, Mo., U.S.A.) for conducting phenolic
profile and antioxidant activity.
Tris-base, SDS, comassie Brilliant Blue R-250, glycine, acrylamide stock (37%)
and precision-plus maker (10-25kDa) were purchased from Biorad. Glycerol,
bromophenol blue, 2-β-ME, TEMED, APS (Ammonium persulfate) were purchased from
sigma Chemical Co. (St. Louis, Mo., U.S.A.). Acetic acid,ethanol and glycerol were
purchased from Fisherbrand (Pittsburgh, PA., U.S.A.) for conducting electrophoresis
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(11S/7S determination). Food-grade coagulant (CaSO4) was provided by United States
Gypsum Co. (Chicago, IL) for pressed tofu making. Food-grade coagulant (MgCl2) was
purchased from Sigma Chemical Co. (St. Louis, Mo., U.S.A.) for filled tofu making.
3.2
3.2.1

Methods
Moisture and protein analysis
Moisture was determined by an oven method (AOAC International, 2012; method

934.01). Crude protein was determined by the Kjeldahl method (AOAC International,
2012; method 955.04). The nitrogen to protein conversion factor was 6.25. Moisture of
soymilk was determined by freeze-drying. Solid recovery in soymilk was calculated as
the percentage of total solids in the soymilk divided by the total solids in the raw beans.
The protein recovery in soymilk was calculated as the percentage of total protein in the
soymilk divided by the total protein in the raw beans.
3.2.2

One hundred-seed weight and seed appearance score
One hundred-seed weight was measured by randomly taking 100 seeds from the

total samples and repeating 3 times. Seed appearance quality score (0: poor; 10:
excellent) was done by considering seed size, wrinkling, defective seed coat, greenish or
diseased seeds.
3.2.3

Protein extraction analysis
Protein extraction procedures of Cai and Chang (1999) , Mujoo and others (2003)

were modified as follows: soybean was pre-frozen overnight and ground by the ultracentrifugal mill (ZM 200, Retsch, Germany) with 0.5 mm trapezoid holes ring sieve.
Soybean flour (0.3 g) was defatted in 10 mL of acetone with an orbital shaker for 1 h.
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The suspension was centrifuged (2795g for 20 min) by the centrifuge (SorvallTM
LegendTM X1, Thermo, Marietta, OH) and the pellet was dried in hood overnight at < 40
°C to dryness. Three milliliters of water were added and the pH was adjusted to 8.5-9
with 1N NaOH. The mixture was shaken at room temperature for 60 min to extract
protein. The extract was then centrifuged at 2795g by the centrifuge (SorvallTM LegendTM
X1, Thermo, Marietta, OH) for 20 min. The protein content of the supernatant was
analyzed according to the Bradford’s method (Bradford, 1976).
The protein extract was diluted to 2 mg/mL with distilled water, and 0.5 mL of
diluted extract was mixed with 0.5 mL of SDS sample buffer containing 10% 2mercaptoethanol (Tiande Cai & Chang, 1999). After boiling for 10 min, 25 µL of the
cooled solution containing equivalent to 25 µg of protein was loaded onto a gradient gel
containing 8-16% polyacrylamide. Electrophoresis was performed in a BioRad Protean II
chamber at 100 V for 1 hour followed by 125 V for 6 hour by SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) based on the procedure of Laemmli (1970). At the end of
electrophoresis, gels were stained with Coomassie Brilliant Blue R-250. For the
quantification of glycinin and β-conglycinin, gels were scanned and analyzed by a
Molecular Imager (Bio-Rad ChemidocTM XRS+) equipped with Image LabTM Analysis
Software (version5.2). The determination of glycinin and β-conglycinin and their relative
composition were based on the mobility, band intensity and total area of their subunits
(Cai and Chang 1999; Mujoo and others 2003). The relative amounts of glycinin and βconglycinin were calculated by the purified standard glycinin (purified by our own lab)
based on a standard curve of different concentrations of glycinin.
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3.2.4

Phenolic compound extraction
The extraction method was according to the optimal extraction method for

soybean by Xu and others (2007). Soybean was pre-frozen overnight and ground by the
ultra-centrifugal mill (ZM 200, Retsch, Germany) with 0.5 mm trapezoid holes ring
sieve. The legume flour (0.5 g each) was accurately weighed into a set of centrifuge
tubes. Five milliliters of acetone/water (50:50, v/v) extraction solvent were added to each
sample. The capped tubes were placed horizontally and shaken at 300 rpm at room
temperature on an orbital shaker for 3 h. The extracts were centrifuged at 3000 rpm for 10
min. Residues were re-extracted with 5 mL of the extraction solvents for another 12 h in
the dark. Extracts were combined and stored at -20 °C upon use. The extractions were
conducted in duplicates for each individual soybean.
3.2.5

Total phenolic content
Total phenolic content (TPC) was determined by a Folin-Ciocalteu assay

(Singleton and others 1999; Xu and Chang 2007) with gallic acid (GA) as standard. The
mixture of the sample solution (60 µL, standard sample solution 10 µl), distilled water
(600 µL), Folin-Ciocalteu’s reagents solution (50 µL), and 7% NaCO3 (250 µL) was
vortexed and incubated for eight min at room temperature. Then, a dose of 140 µL (190
µL for standard) of distilled water was added. The mixture was allowed to stand for 2 h at
room temperature. The absorbance was measured at 765 nm against blank (sample was
replaced by distilled water) by a 96-well plate reader (FlexStation 3, Molecular Devices,
Inc. CA). Total phenolic content was expressed as gallic acid equivalents per gram of
sample (mg of GAE/g sample) through the calibration curve of gallic acid. Linearity
range of the calibration curve was 50 to 1000 µg/mL (r=0.99).
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3.2.6

Total flavonoid content
Total flavonoid content was determined using a colorimetric method (Chang and

others 2002; Xu and Chang 2007) with some modifications. Briefly, a dose of 200 µL of
the legume extract or 50 µL (+)-catechin standard solution was mixed with 250 µL of
distilled water in a test tube, followed by adding 15 µL of 5% NaNO2 solution. After 6
min, 30 µL of 10% AlCl3·6H2O solution was added and allowed to stand for another 5
min before adding 0.5 mL of 1 M NaOH. Soybean sample and standard were added 350
µL and 500 µL distilled water and mixed well, respectively. The absorbance was
measured immediately against the blank (the same mixture with distilled water
substituting sample) at 510 nm using FlexStation 3 (Molecular Devices, Inc. CA). The
results were calculated and expressed as micrograms of (+)-catechin equivalents per gram
of sample (mg of CAE/g sample) using the calibration curve of (+)-catechin. Linearity
range of the calibration curve was 10 to 1000 µg/mL (r=0.99). The extraction was
conducted in duplicates.
3.2.7

Condensed tannin content
Analysis of condensed tannin content (CTC) was carried out according to the

method of Broadhurst and Jones (1978), Xu and Chang (2007) with slight modifications.
Three hundred microliters of concentrated hydrochloric acid were added to 10 µL of the
suitably diluted sample, and 600 µL of a 4% methanol vanillin solution were added. The
mixture was vortex allowed to react for 15 min. Two hundred microliters were added
sequentially into a 96-well plate, and the absorption was measured at 500 nm against the
blank (sample was replaced by methanol). The content of condensed tannin was
calculated and expressed as mg catechin equivalents (mg of CAE/g sample) using the
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calibration curve of (+)-catechin. Linearity range of the calibration curve was 31.25 to
750 µg/mL (r=0.99). For each specific sample, duplicate extractions were performed and
used for analyses.
3.2.8

Radical DPPH scavenging activity
DPPH-free radical scavenging capacity of legume extracts was evaluated

according to the method of Chen and Ho (1995), Xu and Chang (2007) with slight
modifications. Briefly, a dose of 20 µL of the tested legume extract was added to 380 µL
ethanol solution of DPPH radical (final concentration was 0.1 mM). The mixture was
shaken vigorously for 1 min by vortexing and left to stand at room temperature in the
dark for 30 min. Thereafter, the absorbance for the sample (Asample) was measured using
the Flex Station 3 (Molecular Devices, Inc. CA) at 517 nm against ethanol blank. A
negative control (Acontrol) was taken after adding DPPH solution to 20 µL of the
respective extraction solvent. Percent of DPPH discoloration of the sample was
calculated according to the following equation:
Percent discoloration = [1–(Asample/Acontrol)] × 100

(3.1)

The free radical scavenging activity of soybean extracts was expressed as Trolox
equivalent. Every sample was extracted in duplicate, and the results were calculated and
expressed as micromoles of Trolox equivalents (TE) per gram of soybean using the
calibration curve of Trolox. Linearity range of the calibration cure was 20 to1000
µM(r=0.99).

27

3.2.9

Oxygen radical absorbing capacity assay
The ORAC assay was performed according to Xu and Chang (2007). Flexstation

3 Microplate Spectrofluorometer (Molecular Devices, Sunnyvale, Calif., U.S.A.),
equipped with an incubator and wavelength adjustable fluorescence filters was used to
monitor the reaction. The temperature of the incubators was set to 37 °C, and
fluorescence filters with an excitation wavelength of 485 nm and an emission wavelength
of 520 nm were used. Briefly, AAPH was used as the peroxyl redical generator and
Trolox was used as a standard. Twenty microliters of properly diluted legume extract,
blank, and Trolox standard solutions were loaded to clear polystyrene 96-well
microplates (flat bottom, costar, Corning, Inc. NY) in duplicate based on a randomized
layout. The plate reader was programmed to record the fluorescence of fluorescein on
every cycle. Kinetic reading was recorded for 60 cycles with 40 s per cycle setting. The
hydrophilic soybean extracts were diluted with phosphate buffer saline (75 mM, pH 7.0)
to proper concentration range for fitting the linearity range of the standard curve. Trolox
standards were prepared with phosphate buffer saline (75 mM, pH 7.0), which was also
used as blank. After loading 20 µL of sample, standard and blank, and 200µL of the
fluorescein solution into appointed wells according to layout, the microplate (with cover)
was incubated for at least 30 min in plate reader, 20 µL of peroxyl generator AAPH (3.2
µM) was added to initiate the oxidation reaction. Kinetics of the fluorescence changes
were recorded immediately by software SoftMax Pro (Molecular Devices). The final
ORAC values were calculated automatically by software based on net area under curve
(AUC). The data were analyzed using Microsoft Excel (Microsoft, Roselle, Ill., U.S.A.).
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Linearity range of the calibration curve was 12.5 to 50 µM (r=0.99). For each specific
sample, duplicate extractions were performed.
3.2.10 Laboratory pressed tofu making
Laboratory tofu making method was based on Yuan and Chang (2010) with some
modifications. Soybeans (130g) were soaked in tap water at 20-22 °C for 8 hr to obtain
~2.1 times their original weight. Soaked beans were added to 1300 g (bean: water=1:9)
with fresh tap water and ground for 4 min at high speed in a blender (model 908-2,
Hamilton Beach Co., Washington, NC). The slurry was filtered with a muslin cloth and
squeezed manually to obtain filtrate (soy milk). Soymilk was putted into a small stainless
steel pot (18 cm diameter × 11.5 cm height). The small pot was put into a larger pot with
boiling water on the stove for 10 min. The heated soymilk at about 85 °C was then put
directly on the stove with medium heat. Stirring by hand continuously was needed to
keep it boiling slightly for 5 min. When the cooked milk was cooled to 85 °C, calcium
sulfate (CaSO4 at 2% of raw bean weight, equivalent to 0.29% of cooked soy milk)
suspended in 20 mL of water was added. The mixture was stirred with a Caframo stirrer
(model RZR1, Caframo Ltd., Wiarton, ON, Canada) equipped with a stainless steel
paddle (14 cm length *1.5 cm width) at 150 rpm (speed at 4) for 15-20 s. The pot was
taken off with cover on and putted into an insulated container covered with several layers
of muslin for 12 min to promote protein coagulation. After 12 min, the bean curd was cut
in each direction to become dices (1 inch square) and stood for another 1 min. The dices
were putted into a wooden mold (12.5 cm length × 12.5 cm width × 5.5 cm height). The
bean curd was pressed sequentially by placing weights of 24 lb for 15min and 48 lb for
another 15 min, which were equivalent to pressures of 69.7 and 139.3 g/cm2 of tofu,
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respectively. After pressing and weighing, tofu was stored in cold water at 4 °C prior to
color measurement, textural analysis and sensory evaluation.
3.2.11 Texture analysis of tofu
The method was according Yuan and Chang (2010, 2007) with minor
modifications. In this study, 75% plunger penetration was used and the plunger speed was
set at 100 mm/min to determine the force-time response using the TPA method (Bourne,
2002) with an Instron universal testing machine (Model 1011, Instron Co., Canton,
Mass., U.S.A.). The plunger was a round metal disc with a diameter of 10 cm and a
smooth surface. Tofu was taken out of a refrigerator at 4 °C and immediately cut with a
stainless cylinder cutter with a diameter of 44 mm and a height of 1.5 cm. This specimen
size was arbitrarily chosen in our laboratory because it was a convenient size to cut and it
gave appropriate force resistance in the scales of the Instron machine. The plunger moved
down to deform the tofu with 75% penetration. Each compression test consisted of 2
simulation bite (chew) cycles. During the entire course of the 2-bite compressions, the
entire tofu specimen was under the plunger disc. The temperature of tofu during textural
analysis was approximately 10 to 15 °C. Tofu specimen without the outer skin layer was
analyzed to maintain consistence. Each preparation and Instron analysis was repeated at
least 3 times. The textural profile parameters, including hardness, brittleness
(fracturability) and springiness were calculated according to the method of Borwankar
(1992) and Yuan and Chang (2007).
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3.2.12 Sensory evaluation of tofu
A continuous linear-scale (15 cm) descriptive sensory evaluation method was
used to determine sensory properties (Sidel and Stone 1993; Yuan and Chang 2007). A
panel of 12 panelists, consisting of graduate students, staff, and faculty in the Food
Science, Nutrition and Health Promotion Department at Mississippi State University,
were recruited and trained using known commercial references to define sensory quality
scales. Appendix A shows the score sheet for sensory evaluation. The protocol No. 14295, was approved by MSU IRB committee. Panelist training (4 times at different dates)
was conducted in a 3-wk period. Each sensory attribute was evaluated and discussed until
the panel reached consensus. The commercial soft tofu (Silken tofu, Nasoya, MA)
reference was assigned at 2 cm for firmness and elasticity, respectively. The commercial
extra-firm tofu (Nasoya, MA) reference was assigned at 14 cm for firmness and elasticity,
respectively. The commercial soft tofu reference was designated at 12 cm for
smoothness, while the extra-firm tofu reference was designated at 5 cm for smoothness.
These assigned scores were agreed upon by the panelists after the discussion. The
panelists were trained to evaluate each sensory characteristic of the individual tofu
products (presented with a 3-digit random number for each product) as compared to the
references. Sensory panelists were advised to take and taste only the center portion to
avoid the skin when pressed tofu products were evaluated. Tofu was cut into
approximately 50-g pieces and served at approximately 10 to 15 °C. The sensory testing
was conducted at the Garrison Sensory Lab operating with separating booth. A fork, a
pencil, a napkin, a cup of spring water and an empty cup were prepared for each panelist.
All tofu products and references were assigned random numbers, and were placed in a
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random order. All the panelists evaluated the tofu products at about the same time, and
each session of the evaluation lasted for approximately 15-20 min. Replicates of tofu
samples were evaluated in different sessions separated at 2-day interval. Four tofu
products were evaluated in each session. A completely randomized design was used to
analyze the data for each soybean variety.
3.2.13 Yield and color analysis
The yield of tofu (soymilk) was calculated as the weight (g) of fresh tofu
(soymilk) per 100 g soybeans used to make tofu (soymilk). For color analysis, soybean
and tofu’s color was determined using a Minolta colorimeter (Model CR-310, Minolta
Co., Ltd, Osaka, Japan) in the CIELAB color space. Tofu was cut into round tofu cakes
for color analysis. The colorimeter was calibrated with a white standard plate (L*=97.51,
a*=0.08, b*=1.76). For each sample, measurements were made four times, and the
averages of L*, a* and b* values were calculated.
3.2.14 Device for the preparation of filled tofu
A tofu-making device was prepared using a 60 mL plastic syringe (Terumo SS60L, Terumo, Tokyo). The needle site of the plastic syringe was cut in order to fill in
soymilk to form tofu. This device was 110 mm in length and 34 mm in internal diameter.
3.2.15 Preparation of soymilk and filled tofu
Tofu was prepared according to the procedure described in Ishiguro and others
(2006) and Toda and others (2003) with minor modification. Soybean seeds were washed
and soaked with 7 times deionized water at 20 °C for 14-16 h. Swollen soybeans were
drained and ground with tap water with final bean to water tatio of 1:7 by an Osterizer
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Mixer (Oster Co., Milwaukee, WI) for 3 min. Then the heated soybean slurry was
filtrated by 120 mesh cloth to get soymilk. The soymilk was heated in boiling water for 2
min with temperature above 90 °C and cooled to below 4 °C. Forty-nine milliliter cooled
soymilk was transferred to 60 mL syringe. One milliliter MgCl2 solution (12.5%) was
added and stirred quickly to make the final MgCl2 concentration of 0.25%. The device
was covered with a glass ball as a lid and was incubated in a water bath for 45 min at a
temperature of 85 °C.
3.2.16 Measurement of filled tofu texture
The tofu prepared using the tofu-making device was placed in a refrigerator (4
°C) for over 18 h. The tofu in the syringe was pushed out and the upper end was
discarded. The tofu was cut into 10-mm thick pieces with a sharp knife. Each piece had a
10 mm height and 34 mm diameter, and was placed on a measuring plate. A compression
test was carried out at a compression rate of 60 mm/min with 95% penetration with an 8
mm diameter cylindrical plunger in an Instron universal testing machine (Model 3345.
Instron Co., Canton, Mass., U.S.A). Breaking stress of a curd was expressed as the mean
value of three measurements.
3.3

Statistical analysis
Experiments were performed in duplicate or triplicate. Data were analyzed by

2014 SAS (Version 9.4, SAS Inst. Inc., Cary, N.C., USA). Statistical significance of
differences between means was determined by Duncan multiple range test procedure for
independent samples at p < 0.05. The correlation analysis was performed using Pearson’s
correlation coefficient. Significant levels were defined using P < 0.05.
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CHAPTER IV
RESULT AND DISCUSSION

4.1
4.1.1

Soybean quality and initial screening
Physical and chemical properties of soybean
Since soybean samples harvested in Stoneville, Mississippi were the only batch

with enough amount for tofu making, this batch was analyzed. Table 4.1 showed the
physical (seed size and quality score) and chemical (total protein, moisture) properties of
22 soybean samples harvested in Fall of 2014 (Stoneville, Mississippi). One-hundred
seeds size varied from 13.30 g to 25.96 g, and 17 out of 22 soybean samples were above
20 g. Seed size is an important trait of soybean for commercial use, since small beans are
not favored by farmers and the industrial customers. The preference may be due to the
negative relationship of the seed size or weight with the ratio of seedcoat to cotyledonary
tissue, since the seed coats are not used in tofu production, and the larger seeded
soybeans result in higher tofu yield (Huang and others 2014). In Japan, the seed size
requirement for tofu production is at least 20 g per 100 seeds (Brar and Carter 1993).
The seed quality (based on 10-point scale, 10 is excellent) varied from 4 to 8
according to appearance. Yellow colored, round, big and uniform soybean sample
without defective seedcoat had a high quality score. Eight out of 22 samples were above
7 score, which means relatively good quality by appearance. Meanwhile, the eight
selected bean lines had 100-seed weight over 20 g. Total protein contents of all of
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soybean lines were above 40%, which indicated that all beans were are suitable for food
making according to the protein content. There were also no big differences in the
moisture contents among 22 soybean lines, and the moisture content varied from 7.5% to
11.6%. The moisture content was influenced not only by the environment in which
soybeans are planted, it would be influenced by the storage condition.
4.1.2

Protein subunit distribution of soybean
The 11S/7S ratio varied from 1.31 to 1.92 as shown in Table 4.2 and Fig. 4.1. The

11S percentage (% total soluble protein) varied from 36.50 % to 46.36 %. The 7S
percentage (% total soluble protein) varied from 21.97 % to 32.65 %. The 11S+7S
percentage (% total soluble protein) varied from 61.43 % to 75.53 %. After 100 °C
heating, 11S formed a turbid, hard, and resistant gel, but 7S formed a transparent, soft,
and elastic gel (Fukushima, 2000). There have been many studies about correlation
between 11S/7S ratio and tofu’s firmness. Some studies showed that there existed a
positive correlationship between tofu firmness and the 11S/7S ratios in various soybean
cultivars (Cai and Chang 1999; Hou and Chang 2004; Kim and Wicker 2005; Zhang and
Chang 1996). On the contrary, it was reported by Utsumi and Kinsella (1985b) that the
7S protein formed harder gels than the 11S protein. Murphy and others (1997) reported a
negative relationship between tofu hardness and the 11S/7S protein ratio of food
soybeans. Skurray and others (1980) and Taira (1990) found that there was little
correlation between the 11S/7S protein ratio and tofu quality. Therefore, the contribution
of soybean storage protein patterns to tofu texture is controversial and may be partly due
to different processing methods used for tofu making and lack of a standard method for
analysis of texture. In our laboratory, we had relatively consistent processing method and
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results showed that 11S/7S ratio would positively influence the hardness of tofu. The
11S/7S ratio requirement of pressed tofu was higher compared with other types of tofu,
since pressed tofu products are of the firm-texture type. Soybean lines with 11S/7S ratio
under 1.45 were not selected for tofu making in this study.
4.1.3

Phenolic profile of soybean
The phenolic profile and antioxidant activity analysis were conducted on the

soybean grown in the Fall of 2014 (Stoneville, Mississippi) (shown in Table 4.3). The
phenolic profile of soybean was composed of three major parts: total phenolic content
(TPC), total flavonoid content (TFC) and condensed tannin content (CTC).
For the total phenolic content, the results varied from 1.74 to 2.55 mg GAE/g
among 22 soybeans. Xu and Chang (2008b) reported the TPC of 28 yellow soybeans
varied from 2.07 to 2.90 mg GAE/g. The data in our current study were slightly lower
and close to this range. The sample with highest TPC (MS-22) was very green, which
showed immaturity. For food making, this variety was not chosen even though the
phenolic profile and antioxidant activity was relatively high.
The total flavonoid content of 22 soybean samples varied from 0.68 to 1.73 mg CAE/g.
Compared with Xu and Chang (2008b)’s yellow soybean data varying from 0.18 to 0.59
mg CAE/g for 28 soybean varieties, the total flavonoid content of our study was higher
than this reported range. The difference may be due to different variety and location of
soybeans between two studies. The 28 soybeans studied by Xu and Chang (2008b) were
collected from local farmers or seed companies in the region of North Dakota-Minnesota.
However, the 22 soybeans of our study were harvested in Mississippi. The environmental
differences might have contributed to the discrepancies in the TFC values.
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Seed quality
scorea

100-seed
Weight(g)b

No. of seeds per lb

Total protein
(%)

Moisture Content
(%)

Physical and chemical properties of twenty-two soybeans (MS-01~MS-22) (2014 in Stoneville, MS)

22.64±0.59h
2004±52
10.0
MS-01 8
44.0±0.01
14.30±0.14m
3172±31
7.5
MS-02 5
39.2±0.24
22.75±0.64h
1994±56
8.2
MS-03 7
45.1±0.13
24.29±0.16efg
1867±12
8.2
MS-04 5.5
43.5±0.20
20.67±0.70i
2194±74
8.2
MS-05 5
44.3±0.09
25.21±0.57bcde
1799±41
7.8
MS-06 8
43.0±0.04
23.61±0.47gh
1921±38
8.5
MS-07 7
44.5±0.08
25.74±0.96abc
1762±66
9.2
MS-08 5
45.6±0.16
25.33±0.77bcd
1791±49
8.5
MS-09 6.5
42.6±0.19
25.73±0.95abc
1763±65
7.7
MS-10 5.5
42.0±0.23
19.54±1.00j
2321±119
9.0
MS-11 5.5
44.1±0.30
a
Data are expressed as means± standard deviations (n=3) on dry weight basis. Means within a column followed by different letters
are significantly different (P < 0.05).

Code No.

Table 4.1
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7.5
6.5
7.5
7
7
4
5
5
7
6.5
4

Seed quality
scorea
24.20±0.45efg
26.38±0.08a
25.63±0.3abc
21.10±0.54i
24.52±0.59defg
15.44±0.20l
17.44±0.32k
25.96±1.55ab
24.71±0.25cdef
23.83±0.16fg
25.66±0.08abc

100-seed
Weight(g)b
1874±35
1719±5
1770±21
2150±55
1850±45
2938±38
2601±48
1747±104
1836±19
1903±13
1768±6

No. of seeds per lb

43.3±0.09
42.9±0.13
42.1±0.52
43.2±0.03
45.7±0.27
43.5±0.33
42.2±0.23
42.0±0.05
43.1±0.05
43.0±0.01
41.1±0.23

Total protein
(%)
7.9
8.4
7.9
9.4
8.7
7.9
7.6
10.0
7.5
7.8
11.6

Moisture Content
(%)a

Data are expressed as means± standard deviations (n=3) on dry weight basis. Means within a column followed by different letters
are significantly different (P < 0.05).

a

MS-12
MS-13
MS-14
MS-15
MS-16
MS-17
MS-18
MS-19
MS-20
MS-21
MS-22

Code No.

Table 4.1 (Continued)
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11S/7S ratioa

7S percentage

11S percentage

(11S+7S) Total
percentage

Protein profile and hardness of filled tofu of 22 soybeans (MS-1~MS-22) (2014 in Stoneville, MS）

A3 subunit
Hardness of
percentage
filled tofu
(total soluble
(gf/cm2)
protein)
26.38±4.16bcdefg
46.14±7.28a
72.51±11.44abc 3.94±0.25ab
107.0±6.41a
MS-01 1.75±0.18b
24.90±1.55cdefg
38.13±2.37bd
63.03±3.92bc
2.12±0.28k
54.4±2.37j
MS-02 1.53±0.10gf
26.91±3.09bcdef
44.58±5.11abc
71.50±8.20abc
4.42±0.10a
105.3±5.33a
MS-03 1.66±0.16bcdef
26.94±2.78bcdef
41.30±4.27abcd 68.24±7.05abc
3.21±0.14cdefg
81.6±1.03d
MS-04 1.53±0.04fg
22.85±3.22fg
39.65±5.58abcd 62.50±8.79bc
3.20±0.52cdefgh
78.2±1.51def
MS-05 1.74±0.05bc
22.79±3.27fg
39.05±5.60abcd 61.84±6.87c
2.57±0.23ijk
60.7±0.65i
MS-06 1.71±0.14bcd
25.96±3.74cdefg
46.56±6.71a
72.52±7.44abc
3.79±0.09ijk
83.6±1.81de
MS-07 1.79±0.06ab
25.84±5.34cedfg
38.22±7.90bcd
64.06±9.22abc
3.65±0.39bc
84.3±2.15gh
MS-08 1.48±0.15g
25.04±4.42cdefg
39.55±6.99abcd 64.59±9.44abc
3.43±0.10bcde
75.8±3.26efg
MS-09 1.58±0.07defg
23.76±2.16efg
37.67±3.43cd
61.43±4.59c
3.33±0.12cdef
74.8±1.53h
MS-10 1.59±0.04defg
24.43±3.93defg
36.50±4.84d
60.93±8.77c
3.68±0.05bc
85.4±2.55gh
MS-11 1.49±0.06g
a
Data are expressed as means± standard deviations (n=3) on dry weight basis. Means within a column followed by different letters
are significantly different (P < 0.05).

Code
No.

Table 4.2
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11S/7S ratioa
7S percentage

11S percentage

(11S+7S) Total
percentage
A3 subunit
percentage
(total soluble
protein)

Hardness of
filled tofu
(gf/cm2)

28.67±0.62abcd
43.21±0.93abcd
71.88±1.55abc
2.81±0.47fghij
77.8±0.93def
MS-12 1.51±0.10g
32.65±3.48a
42.88±4.56abcd
75.53±8.04a
3.48±0.46bcde
81.1±6.96fg
MS-13 1.31±0.09h
31.08±2.11ab
45.32±3.07ab
76.40±5.18a
3.52±0.66bcd
90.7±2.82c
MS-14 1.46±0.04g
27.06±0.92bcdef
43.31±1.48abcd
70.38±2.40abc
2.42±0.24jk
56.3±2.37j
MS-15 1.60±0.09cdefg
27.25±0.17bcdef
42.44±0.26abcd
69.69±0.43abc
2.66±0.25ij
98.3±1.55b
MS-16 1.56±0.07efg
21.97±1.32g
42.14±2.54abcd
64.12±3.86abc
2.99±0.58efghi
81.6±0.93d
MS-17 1.92±0.13a
25.17±1.40cdefg
42.35±2.35abcd
67.52±3.74abc
2.69±0.36hij
74.2±0.99fgh
MS-18 1.68±0.11bcde
29.39±2.68abc
45.20±4.12abc
74.59±6.79ab
4.23±0.03a
97.5±2.06b
MS-19 1.54±0.03fg
27.95±3.79abcde 40.88±5.54abcd
68.83±9.32abc
2.78±0.10ghij
79.4±0.18de
MS-20 1.46±0.11g
27.81±3.74abcde 43.59±5.86abcd
71.40±9.59abc
3.70±0.06bc
82.4±2.77gh
MS-21 1.57±0.10efg
26.56±0.33bcdefg 39.42±0.49abcd
65.98±0.81abc
3.05±0.09defghi
71.9±1.55gh
MS-22 1.48±0.10g
a
Data are expressed as means± standard deviations (n=3) on dry weight basis. Means within a column followed by different letters
are significantly different (P < 0.05).

Code
No.

Table 4.2 (Continued)
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Figure 4.1

SDS-PAGE protein subunits (polypeptides) of β- conglycinin (7S) and
glycinin (11S) in 22 soybean lines harvested in Stoneville, Mississippi Fall
2014

Gel A’s Lane 1-11 are polypeptides in 11 lines of soybeans (MS-01~MS-11)
respectively. Gel B’s Lane 1-11 are polypeptides in 11 lines of soybeans (MS-12~MS-22)
respectively. Lane M represents protein molecular mass markers (molecular masses are
shown beside the markers). A3, Ax (A1a, A2 and A4), and Bx (B1a, B1b, B2, B3 and
B4) are polypeptides of 11S (A, Acidic; B, basic), and α, α' and β are subunits of 7S
protein.
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The condensed tannin content of 22 soybean samples varied from 0.3 to 0.8 mg
CAE/g. There values were comparable to that reported by Xu and others (2007) with the
same method, varied from 0.37 to 0.79 mg CAE/g. The correlations among these three
phenolic profiles are shown in Table 4.4. The only significant correlation existed between
CTC and TFC (r = 0.51, P < 0.05). Similar positive correlation (r = 0.56, P < 0.0001) was
found by Xu and Chang (2008b).
4.1.4

Antioxidant activity of soybean
For antioxidant capacity, ORAC value varied from 20.87 to 46.29 µmol TE/g

among 22 samples (Table 4.3). Compared to our previous study (Xu and Chang 2008b)
with ORAC values varying from 21.2 to 91.3µmol TE/g in 28 soybeans, the ORAC value
was lower and the range was narrower. The sample with the highest ORAC value (MS22) also possessed the highest TPC, TFC and CTC. As shown in Table 4.4, the
correlation coefficient of TPC and ORAC in this study was 0.60 (P < 0.01), which
showed a significant positive correlation. The correlation coefficient of TFC and ORAC
in this study was not significant (r = 0.30, P > 0.1). The correlation coefficient of CTC
and ORAC in this study was 0.41 (P < 0.1), which showed a relatively moderate positive
correlation. Among the three major phenolic profiles, the correlation of TPC and ORAC
was the strongest, which indicated that the amount of TPC in these 22 soybean lines of
yellow soybeans would be one of the major contributors to the ORAC value. The
correlation patterns above supported Xu and Chang (2008b)’s conclusion that TPCs
correlated with ORAC of yellow soybeans.
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TPC,a
mg CAE/g

TFC,
mg CAE/g

CTC,
mg CAE/g

ORAC,
μmol TE/g

DPPH,
μmol TE/g

Twenty-two soybean samples’ phenolic profile and antioxidant capacity (MS-01~MS-22) (2014 in Stoneville, MS)

1.74±0.08i
1.31±0.01d
0.59±0.01de
20.87±1.31n
2.90±0.02ijk
MS-01
2.59±0.11a
0.76±0.01m
0.35±0.02jk
36.07±0.63 fghi
1.95±0.02n
MS-02
2.09±0.12cdefgh
1.24±0.02ef
0.69±0.02b
31.00±0.90kl
3.34±0.4fgh
MS-03
2.15±0.05bcde
1.24±0.01e
0.57±0.04ef
36.06±0.84 fghi
2.40±0.25lm
MS-04
2.07±0.03cdefgh
1.06±0.01jk
0.58±0.02def
29.72±2.67l
3.34±0.55 fgh
MS-05
1.75±0.17i
0.84±0.02l
0.41±0.03hi
32.81±0.75jk
3.76±0.14edf
MS-06
2.01±0.12fgh
0.68±0.02n
0.41±0.02hi
34.16±0.80ij
3.55±0.23efg
MS-07
1.99±0.13gh
0.87±0.01l
0.66±0.04bc
35.44±0.62ghi
3.04±0.17hij
MS-08
1.94±0.05h
1.04±0.02k
0.30±0.02k
27.23±2.39m
4.24±0.19bc
MS-09
2.06±0.06defgh
1.08±0.01ij
0.36±0.04ij
35.05±1.88hi
3.11±0.01hij
MS-10
2.03±0.14efgh
1.11±0.01h
0.44±0.02h
37.00±0.05efgh
3.99±0.12 cd
MS-11
a
Data are expressed as means± standard deviations (n=3) on dry weight basis. Means within a column followed by different letters
are significantly different (P < 0.05).

Code No.

Table 4.3
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TFC,
mg CAE/g

CTC,
mg CAE/g

ORAC,
μmol TE/g

DPPH,
μmol TE/g

2.17±0.13bcd
1.20±0.01g
0.66±0.04bc
37.26±0.24defg
3.29±0.01ghi
MS-12
2.04±0.09efgh
1.21±0.01fg
0.63±0.02cd
38.96±2.19de
3.71±0.05edf
MS-13
2.20±0.10bc
1.26±0.01e
0.59±0.03de
43.78±0.68b
2.81±0.06jkl
MS-14
2.13±0.07bcdef
1.58±0.02b
0.53±0.03fg
39.29±0.65d
2.20±0.29mn
MS-15
2.25±0.03b
1.73±0.01a
0.65±0.02bc
43.97±0.63b
4.47±0.01b
MS-16
2.06±0.04degh
1.03±0.03k
0.56±0.07ef
37.70±1.32def
3.77± 0.20ed
MS-17
2.01±0.05fgh
0.76±0.02m
0.64±0.03bc
41.47±1.24c
2.61± 0.17klm
MS-18
2.13±0.19bcdef
0.68±0.04n
0.49±0.04g
31.58±1.20kl
5.25±0.01a
MS-19
2.18±0.02bcd
1.46±0.01c
0.54±0.02efg
34.88±1.06hij
4.32±0.11bc
MS-20
2.10±0.09cdefg
1.10±0.02hi
0.63±0.06cd
36.63±0.76fgh
4.34±0.07bc
MS-21
2.55±0.18a
1.73±0.03a
0.80±0.02a
46.29±1.62a
2.84±0.18jk
MS-22
a
Data are expressed as means± standard deviations (n=3) on dry weight basis. Means within a column followed by different letters
are significantly different (P < 0.05).

Table 4.3 (Continued)
Code No.
TPC,a
mg CAE/g
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The result also could explain the differences of ORAC value between this study
and our previous study. The relatively lower TPC content resulted in lower ORAC value.
DPPH scavenging capacity varied from 1.95 to 5.25 µmol TE/g among the 22
soybean lines (Table 4.3). There was a lack of significant correlation between ORAC
value and DPPH scavenging capacity (Table 4.4). The result was very similar to our
previous study (Xu and Chang 2008b). The result indicated that the determination of
antioxidant activity is reaction-mechanism dependent, a combination of at least two assay
methods could provide a more reliable antioxidant profile (Xu and others 2007). The
correlation coefficient of TPC and DPPH scavenging capacity in this study was -0.26
(P > 0.1), which was not significant. No correlation between TFC and DPPH scavenging
capacity (-0.08, P > 0.1). No correlation between and DPPH scavenging capacity (-0.10,
P > 0.1). The result reconfirmed the study of our group (Xu and Chang, 2008b) and
indicated that when compared with OARC value, the DPPH value was less correlated
with all the three phenolic profiles of the 22 yellow soybean lines.
Table 4.4

Correlations between phenolic profiles and antioxidant capacity

Correlation
coefficients (r)
TPC

TPC

TFC

CTC

ORAC

DPPH

0.30

0.22

0.60***

-0.26

0.51**

0.35

-0.08

0.41*

-0.10

TFC
CTC
ORAC

-0.17

DPPH
***Correlation is significant at the 0.01 level. ** Significant at 0.05 level.
*Significant at 0.1 level
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Table 4.5

Correlations between seed quality, seed weight, 11S/7S ratio and phenolic
profile (TPC, TFC, CTC), antioxidant capacity (ORAC, DPPH) among
twenty-two soybean samples

Correlation
coefficients（r）

TPC

TFC

CTC

ORAC

DPPH

Seed quality
Seed weight
11S/ 7S ratio

-0.44*
-0.20
-0.40

0.20
0.26
-0.30

-0.09
0.16
-0.18

-0.27
-0.02
-0.39

0.10
0.37
-0.03

*Correlation is significant at 0.05 level
4.1.5

Selection of soybean for soymilk and tofu making
For all the quality test of soybean lines grown in Mississippi (Tables 4.1, 4.2 and

4.5), the phenolic profile and antioxidant capacity were not correlated with seed quality,
seed weight, and 11S/7S ratio. The only correlation significant at 0.05 level was between
seed quality and total phenolic content (r = -0.44). The reason why there was a negative
correlation was partially due to the green or colored seed, which may have higher TPC
with low quality score. For example, MS-02 and MS-22 had high total phenolic content,
but low in seed quality score (green or small size). For making high quality soymilk and
tofu, the screening was based on the protein content (≥ 40%), 11S/7S ratio (≥ 1.45) and
general seed quality (≥ 7) traits. Eight soybean lines were selected and prepared for
soymilk and tofu making. These soybean lines were MS-01, MS-06, MS-07, MS-12, MS15, MS-16, MS-17 and MS-20.
4.2

Comparison of different growth year and location of soybean
In order to understand the effect of environment on the seed characteristics of

these lines, the lines were grown in two very different locations. The 22 lines were grown
in Puerto Rico during the Winter of 2014-2014 and Stoneville, MS in summer 2014.
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Total protein content, 100-seed weight, seed quality score and 11S/7S ratio were
evaluated for both trials.
The results are shown in Table 4.6. For the seed quality score (based on a 10-point
scale with 10 being excellent) which is based on appearance (Quality), eight out of 22
(total) soybeans were above both experiments. However, some lines showed large
variations between the two locations. Even though the Quality scores do not fully
represent the utility of seed to produce soyfoods, the unattractive appearance will not be
favored by farmers, industries and customers. The relatively stable seed appearance
quality of soybeans are very important, but this trait needs to be cultivated multiple times
to confirm its quality consistency.
In order to understand whether the effect of location (environment) in this study
was significant, factorial design was conducted. The ANOVA table was shown in
Appendix B. The effect of location × line, location and variety were all significant. Since
the effect of location × line was significant, paired t-tests for the comparisons on each
individual line was conducted at PR and MS location (Table 4.6).
For 100-seed weight, seed from all lines grown in Stoneville, Mississippi were
significantly higher than those grown in Puerto Rico. The reason may be due to irrigation,
heat and other things (Heatherly and Elmore 2004). The soybeans grown in Stoneville
MS showed higher quality than those grown in Puerto Rico by comparing the seed size.
With respect to the total protein content, only one bean harvested at Puerto Rico
was below 40%. There were significant differences among most of soybeans (16 out of
22) at two locations (Table 4.6). The result did support the conclusion of Kumar and
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others (2006) that genotypic, locational and genotypic × locational interaction are
significant for protein.
For the 11S/7S ratio, seventeen out of twenty-two lines were significantly
different between the two batches (Table 4.6). Sixteen of the seventeen lines had
significantly higher 11S/7S-ratios when grown in Puerto Rico than when grown in
Stoneville, Mississippi. The result showed that the 11S/7S ratio was influenced by
environment. The result was consistent with the findings of Murphy and Resurreccion
(1984) and Helms and others (1998) that the 11S and 7S were significantly different
among soybean cultivars grown at different locations. Since the soybean grown in Puerto
Rico had relatively small seed size, the ratio of 11S/7S might be different if the seed had
been irrigated at the same condition (Heatherly and Elmore 2004). The growing
conditions are very hard to control.
Soybean seeds grown in different locations with varied environmental conditions
resulted in different seed weight, seed quality score and 11S/7S ratio. In order to test the
stability of quality-reliable soybean variety for commercial using, soybean cultivation at
different locations and environmental conditions for several successive years is
necessary.
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Profile comparison of two batches of 22 soybean lines harvested in Puerto Rico and Stoneville, MS.
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seed quality
100 seeds weight
11S/7S ratio
Total protein (%)
Code
a
b
PR
MS
PR
MS
PR
MS
PR
MS
ORc
No.
8
21.4±0.25*
22.6±0.59 2.12±0.01*
1.75±0.18 44.9±0.16* 44.0±0.01 46.4
MS-01 7.5
5
18.8±2.74*
14.3±0.14 3.35±0.06*
1.53±0.10 45.8±0.28* 39.2±0.24 42.4
MS-02 6.5
7
12.1±0.11*
22.8±0.64 1.97±0.09*
1.66±0.16
MS-03 6
44.6±0.32 45.1±0.13 42.8
5.5
15.6±1.68*
24.3±0.16 2.41±0.02*
1.53±0.04 49.5±0.25* 43.5±0.20 45.8
MS-04 7
5
13.8±1.77*
20.7±0.70 1.90±0.05*
1.74±0.05 46.2±0.15* 44.3±0.09 45.8
MS-05 7
8
13.00±0.17*
25.2±0.57 1.43±0.08*
1.71±0.14 45.4±0.45* 43.0±0.04 43.8
MS-06 6
7
13.9±0.15*
23.6±0.47 1.86±0.06
1.79±0.06
MS-07 6
44.5±0.28 44.5±0.08 46.9
5
13.2±0.08*
25.7±0.96 1.43±0.01
1.48±0.15 44.7±0.46* 45.6±0.16 45.5
MS-08 6
6.5
13.4±0.92*
25.3±0.77 2.00±0.03*
1.58±0.07 43.1±0.03* 42.6±0.19 42.5
MS-09 5
5.5
18.7±0.33*
25.7±0.95 1.91±0.01*
1.59±0.04 45.8±0.40* 42.0±0.23 42.3
MS-10 5
5.5
14.8±0.24*
19.5±1.00 2.42±0.18*
1.49±0.06 41.1±0.04* 44.1±0.30 43.5
MS-11 5
a
PR represents Puerto Rico. b MS represents Stoneville MS. c OR represents Original soybean from USDA Soybean Germplasm
Collection. * represents significant different between 2 batches.

Table 4.6
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seed quality
100 seeds weight
11S/7S ratio
Total protein (%)
Code
PRa
MSb
PR
MS
PRa
MS
PR
MS
ORc
No.
MS-12
7.5
7.5
19.1±0.54*
24.2±0.45
2.18±0.03*
1.51±0.10
43.3±0.18 43.3±0.09
45.1
MS-13
7
6.5
19.8±2.14*
26.4±0.08
2.27±0.05*
1.31±0.09
42.7±0.28 42.9±0.13
44.2
MS-14
8
7.5
22.0±0.68*
25.6±0.30
2.28±0.02*
1.46±0.04 42.3±0.06* 42.1±0.52
43.2
MS-15
5.5
7
12.3±0.07*
21.1±0.54
2.87±0.14*
1.60±0.09 43.6±0.04* 43.2±0.03
46.7
MS-16
7.5
7
17.5±1.19*
24.5±0.59
1.53±0.07
1.56±0.07
45.7±0.18 45.7±0.27
46.9
MS-17
7
4
12.8±1.14*
15.4±0.20
1.79±0.10
1.92±0.13 44.9±0.23* 43.5±0.33
45.9
MS-18
6
5
12.8±0.28*
17.4±0.32
1.53±0.04
1.68±0.11 45.4±0.05* 42.2±0.23
48.3
MS-19
7
5
15.3±2.79*
26.0±1.55
2.02±0.22*
1.54±0.03 45.8±0.01* 42.0±0.05
44.5
MS-20
7.5
7
16.8±0.47*
24.7±0.25
2.04±0.01*
1.46±0.11 44.1±0.03* 43.1±0.05
43.8
MS-21
7
6.5
15.1±0.35*
23.8±0.16
2.13±0.10*
1.57±0.10
43.2±0.38 43.0±0.01
43.7
MS-22
6
4
16.8±0.09*
25.7±0.08
2.13±0.20*
1.48±0.10 44.2±0.02* 41.1±0.23
43.8
a
PR represents Puerto Rico. b MS represents Stoneville MS. c OR represents Original soybean from USDA Soybean Germplasm
Collection. * represents significant different between 2 batches.

Table 4.6 (Continued)
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4.3
4.3.1

Tofu and soymilk quality
Yield and color of tofu and yield of soymilk
The yields of soymilk were not significantly different among the eight selected

soybeans and were all around 850 g per 100g soybean (Table 4.7). The correlationship of
soymilk yield and tofu yield was significant at 0.05 level with r = 0.73 (Table 4.11). The
yield of soymilk had a strong positive influence on the yield of tofu, which meant the
yield of pressed tofu can be predicted or estimated by comparing the yield of soymilk
from different cultivars. This result was consistent with the study of Poysa and Woodrow
(2002) and Cai and Chang (1999) that soymilk yield was the major factor determining the
yield of tofu.
The yield of tofu varied from 253 g per 100 g soybean to 294 g per 100g soybean
(Table 4.7). Two lines were significantly higher and one line was significantly lower than
the other lines. To compare the yield of pressed tofu in this study with others (Cai and
others 1997; Ji and others 1999), the yield of tofu in this study was lower due to the
heavier pressing force and longer pressing time. In order to make firm (extra-firm) tofu,
heavier pressing force and longer pressing time were needed. The firmness of the tofu in
this study was higher than the tofu made with relatively lower pressing force and shorter
pressing time (Data were shown in the texture analysis part page 56). For tofu making to
compare the yield, the Prosoy cultivar (a good quality cultivar already known for tofu
making) was used as a reference. Yield of tofu produced by Prosoy was about 260 g per
100 g soybean under the same processing condition. The tofu made by the eight lines of
soybeans was not significantly different in yield compared with Prosoy. Pressed tofu was
difficult to control compared with filled tofu, and the yield of tofu was influenced by
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many factors, including cultivar of soybean, coagulation methods, pressing time and
pressing force. Minimizing the differences and reducing processing errors are very
important to make tofu from different cultivars.
For the color of tofu (Table 4.9), there was a statistically significant difference
among the eight lines with L, a* and b* values. The L values varied from 84.56 to 85.72.
The a* values varied from -3.69 to -2.48. The b* values varied from 11.05 to 13.16.
There is a significant correlation between soybean and tofu color (Table 4.10). For the L
value, the correlation coefficient was 0.81 (P < 0.05), which showed a strong positive
relationship. While for a* and b* value, the relationship were negative (r = -0.82, r = 0.75, P < 0.05). The positive a* and b* indicate the redness and yellowness of the
soybean coat, and after grinding, the soybean okra was discarded and the retained
soymilk was less influenced by the redness and yellowness and become much lighter.
There was a study of Liu and Chang (2004) in color analysis of pressed tofu, which made
from five superior soybean cultivars. In that study, the ranges of L, a*, and b* values
were 85.3 ~ 86, -3.4 ~ -3.1 and 18.6 ~ 20.6, respectively. The colors of tofu in our study
were similar to this reported data with less yellowness, indicating the soymilks made
from all eight lines were natural white in color, and all acceptable for tofu making and
soymilk products.
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Table 4.7
Code
No.

Soymilk solid content, protein recovery rate, yield and tofu yield
soymilk yield

Soymilk
Soymilk solid Tofu yield (g/100g
protein
content (%)
soybean)
soybean)
recovery rate
795±96a
73.9±0.76ab
7.05±0.04a
253±15b
MS-01
853±7a
73.7±2.94ab
7.01±0.30ab
274±28ab
MS-06
855±4a
75.8±3.38ab
7.25±0.35ab
294±19a
MS-07
853±10a
77.2±0.95a
7.19±0.20ab
282±25ab
MS-12
848±0a
74.7±0.51ab
7.36±0.04ab
272±10ab
MS-15
853±11a
68.9±2.86b
6.65±0.35b
268±18ab
MS-16
860±10a
72.4±4.61ab
6.96±0.35ab
281±10ab
MS-17
848±1a
72.7±4.81ab
6.92±0.46ab
291±27a
MS-20
Means within a row followed by different letters are significantly different (P < 0.05).
(g/100g

Table 4.8
Color analysis of eight selected soybean samples
Code No.
La
a
58.35±0.12
4.89±0.25
MS-01
59.82±0.34
4.66±0.05
MS-06
58.95±0.59
2.97±0.08
MS-07
58.65±0.49
5.57±0.20
MS-12
60.45±0.53
5.55±0.07
MS-15
59.16±0.36
4.37±0.17
MS-16
53.55±0.29
2.52±0.05
MS-17
60.05±0.41
3.51±0.13
MS-20
a
Means of four replicates.
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b
26.07±0.26
27.66±0.62
24.76±0.39
24.63±013
26.25±0.22
25.91±0.59
22.78±0.59
24.74±0.25

Table 4.9

The color of tofu made from eight selected soybean samples

Code No.
La
a
2.53±0.03a
MS-01 84.56±0.28c
2.77±0.27b
MS-06 85.02±0.43b
3.27±0.05c
MS-07 85.72±0.18a
2.80±0.02b
MS-12 85.02±0.10b
2.48±0.11a
MS-15 85.51±0.22a
2.52±0.06a
MS-16 85.07±0.28b
3.69±0.04d
MS-17 84.09±0.10d
2.8±0.04b
MS-20 85.68±0.21a
*Correlation is significant at the 0.05 level.
Table 4.10

a

b
11.65±0.08e
11.05±0.87g
12.86±0.08b
11.36±0.10f
12.24±0.17d
11.78±0.09e
13.16±0.19a
12.51±0.22c

Correlation coefficient between color of soybean and tofu (N = 8)

color

r

L

0.81*

a

-0.82*

b

-0.75*

Means of four replicates. *Correlation is significant at the 0.05 level.

4.3.2

Solid content, protein recovery and yield of soymilk and tofu
There were some differences in soymilk protein recovery rate soymilk solid and

tofu yield among the soybean lines (Table 4.7). The protein recovery rate was defined by
the protein content of soymilk divided by the protein content in soybean. The protein
recovery rate varied from 68.9 to 77.2%. Soymilk solid content varied from 6.65 to
7.05%. Compared with the study published in our laboratory by Liu and Chang (2012)
with the same method and bean to water ratio (1:9), the solid content was similar and
even a little higher than the cultivars such as Proto, Norpro, Tofuey, 5389 and Karada.
The correlation between protein recovery rate and solid content was strong and
significant at 0.01 level with r = 0.88 (Table 4.11). The reason for the strong positive
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correlation was that the soymilk solid content was supposed to positively correlate with
protein content in soymilk (Cai and Chang 1997, 1999). The protein recovery rate was
defined by the protein content of soymilk divided by the protein content in soybean. The
soybean’s protein content range was narrow (43.0% - 45.7%) among the eight lines
selected for making soymilk and tofu, so the protein recovery rate was mainly influenced
by the solid content in soymilk. Several studies had reported that the tofu yield was
influenced by the protein content of soybean, protein recovery or solid content of soymilk
(Cai and others 1997; Shen and others 1991; Wang and others 1983). The results in this
study showed that the correlationship between tofu yield and soybean’s protein content,
soymilk’s protein recovery or solid content was only weak and not significant. The
reason might be due to the pre-selection of high protein lines for this study.
Table 4.11

Correlation coefficients of soymilk and tofu yield influenced by soybean
and soymilk protein properties
r
Relationship
r
Relationship
Soybean total protein-soymilk
-0.08
Protein solid content-0.04
yield
soymilk yield
Soybean total protein-tofu yield -0.57
Protein solid content0.20
tofu yield
Soybean 11S/7S ratio- soymilk
-0.07
Protein recovery rate-0.05
yield
soymilk yield
Soybean 11S/7S ratio- tofu yield -0.10
Protein recovery rate0.29
tofu yield
Protein solid content-soymilk
0.88**
Soy milk yield- tofu yield 0.73*
protein recovery rate
*Correlation is significant at 0.05 level. ** Significant at 0.01 level.
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4.3.3

Texture properties of pressed tofu and correlationship with 11S/7S and A3
subunit
Among the eight soybean lines, the hardness varied from 3.64 to 8.66 Kg force

(Table 4.12). Compared with the literature in the texture analysis was conducted utilizing
the same measuring conditions as Yuan and Chang (2007), the Mori-nu Firm tofu and
Mori-nu Extra Firm tofu (commercial products) ranged from 4.62 to 6.53 Kg force. Firm
and extra firm tofu of other brands had higher hardness values. The tofu sample in this
study was within the range of firm and extra firm tofu. The correlations between tofu
hardness and 11S/7S ratio and A3 subunit percentage of eight samples calculated in order
to understand the effect of storage protein subunits on pressed tofu firmness. The result
(Fig. 4.2) showed that there was a moderate correlation (r = 0.63, P < 0.1) between the
percentage of A3 subunit and hardness of pressed tofu. This results were consistent with
the studies of Nakamura and others (1984) and Fukushima (2000) that the hardness of
tofu was different among cultivars, depending on the proportion of A3 polypeptide. The
reason why P value was not significant at P = 0.05 may be due to the relatively small
sample size (N = 8), since the objective of this study was to screen and select soybean
lines for tofu making, and the pre-screening process deleted lots of samples and reduced
the sample size. If the samples size increases, the P value will probably become lower
according to the statistics. The relationship between 11S/7S ratio and hardness of
pressed-tofu was weak and not significant. The result showed that the 11S/7S ratio in the
range from 1.46 to 1.92, which used to selected soybean for planting in Stoneville, MS,
did not correlate well with the hardness of pressed tofu. The result was consistent with
some of the earlier findings (Mujoo and others 2003; Skurray and others 1980; Taira
1990). The inconsistent result with other earlier findings (Cai and Chang 1999; Kim and
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Wicker 2005; Poysa and Woodrow 2002) may be due to the relatively narrower range of
ratio (from1.46 to1.92) compared with other studies. The pre-screening process deleted
almost all the samples with low 11S/7S ratio (<1.5), and reduced the sample size (N = 8).
The percentage of A3 subunit correlated with hardness of pressed-tofu better compared
with 11S/7S ratio in this study.
Table 4.12

Texture analysis of laboratory pressed-tofu made from eight soybean lines
selected

Code No.

Brittlenessa
Hardness
Elasticity (%)
(Kg force)
(Kg force)
8.66±1.35a
12.0±1.09e
MS-01 2.44±0.20ab
5.55±1.73bcde
27.0±2.28cd
MS-06 2.38±0.55ab
7.00±1.22abc
30.7±1.89bc
MS-07 2.58±0.34ab
7.65±1.99ab
36.0±1.89a
MS-12 3.10±0.34a
5.27±0.74cde
31.6±4.75abc
MS-15 2.12±0.88b
4.31±0.63ed
33.8±0.77ab
MS-16 2.22±0.38b
3.64±0.23e
24.3±2.96d
MS-17 1.79±0.10b
5.82±1.73bcd
35.7±5.26a
MS-20 3.18±0.80a
a
Means of three treatment replications. Means within a column followed by different
letters are significantly different (P < 0.05).
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Figure 4.2

Pearson correlation coefficeint analysis of pressed tofu firmness with
11S/7S ratio and A3 subunits percentage (N = 8)

*Significant at 0.1 level.
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Figure 4.3

Pearson correlation coefficient analysis of filled tofu firmness with 11S/7S
ratio, 7S percentage, 11S+7S and A3 subunits percentage (N = 22)

*Significant at 0.05 level. ***Significant at 0.001 level.
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Figure 4.4

Pearson correlation coefficient analysis between A3 percentage and
firmness of filled tofu (N = 22)

The maroon color spots (N = 8) are the samples we selected as suitable for pressed tofu
making. The green line represents the firmness requirement for filled tofu in Japan (> 90
g force/cm2). The Number labeled beside the spot represent a code mumber (MSNumber). For example, 1 represents MS-01.

4.3.4

Firmness of filled tofu and correlation with 11S and 7S profile
The correlation of storage protein pattern and tofu firmness was not significant at

0.05 level may be due to the small sample size (N = 8) and the relatively complicated
processing method of pressed tofu making, (Fig. 4.2). In order to understand the
correlation of tofu firmness with 11S/7S and A3 subunit percentage better, filled tofu was
made from all 22 lines (8 lines were included) harvested in the fall of 2014 in Stoneville,
MS. Filled tofu does not require pressing, therefore we expected the gel firmness would
reflect better reflect the structural composition of storage proteins. Therefore, the
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correlation of 11S percentage, 7S percentage, 11S+7S percentage and tofu firmness were
also conducted to understand the effect of these protein distribution comprehensively.
The A3 subunit percentage of 22 lines varied from 2.12% to 4.23% (Table 4.2).
The breaking stress of filled tofu made from 22 lines varied from 54.4 g force/cm2 to 107
g force/cm2 (Table 4.2). As Figure 4.3 shows, correlations of tofu breaking stress with
11S/7S ratio and A3 subunit percentage (% total soluble protein) were 0.06 (P > 0.1) and
0.77 (P < 0.001), respectively. The correlation of A3 subunit percentage (% total soluble
protein) and filled tofu breaking stress was significant at 0.01 level with r = 0.77 after
changing the method of tofu making and increasing the sample size. The result did
support the conclusion of Nakamura and others (1984) that the hardness of glycinin gels
was different among varieties depending on the percentage of A3, which was the largest
constituent of acidic polypeptide of glycinin. While the correlation of 11S/7S ratio and
filled tofu breaking stress was not significant at 0.1 level with r = 0.06. The reason may
be due to the relatively narrower range of 11S/7S ratio 1.31-1.92 compared with the other
studies, Cai and Chang (1999) reported a wider range of 11S/7S ratio varied from 1.64 to
2.51 among 13 varieties and that was significantly correlated with firmness of tofu. Since
the relationship of tofu and 11S/7S ratio is controversial, more varieties of soybean need
to be tested to give relative convincible conclusion.
The correlation between 11S percentage , 11S+7S percentage and tofu firmness
were significant at 0.05 level with r = 0.52 and r = 0.48 respectively (Figure 4.3).
However, the correlation between 7S percentage and tofu firmness was not significant (P
= 0.1, r = 0.32 (Figure 4.3). This result indicated that 11S not 7S was the main contributor
to the firmness of tofu, and this was consistent with the conclusion of Fukushima (2000)
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that 11S formed a turbid, hard, and resistant gel after heating. This result also could
explain the reason why 11S/7S ratio was not significantly correlated with tofu firmness as
shown in Figure 4.3.
The Japanese industries set the requirement for the breaking stress of filled tofu at
90 g force/cm2. As shown in Table 4.2 and Figure 4.4, five out of 22 soybean lines grown
in Stoneville, MS met or exceed this requirement. Among the eight lines selected for
pressed tofu making, two lines (MS-1 and MS-16) were proven to be suitable for making
filled tofu. The reason why only five soybean lines reached the firmness requirement may
be due to the fixed amount of coagulant (0.25% MgCl2) used for filled tofu making for all
soybeans. According to Liu and Chang (2003), the optimal coagulant concentration
varied for different soybean cultivars and could be measured by a rapid titration method.
Ono and others (2003) also found that different soybean varieties may require different
amount (0.25~0.4%) of coagulants (MgCl2) to obtain strength. They reported that 0.25%
concentration was preferred by Japanese industry when MgCl2 used as coagulant. Which
is the rational for using 0.25% MgCl2 as a coagulant in this study. The cultivar
‘Fukuyutaka’, which was favored by Japanese industries for filled tofu making, showed
higher breaking stress (> 90 g force/cm2) than five other varieties with 0.25% MgCl2
(Ono and others 2003). We expect more soybeans would reach the Japanese industries’
requirement if an optimal coagulant concentration is used for tofu making. However, in
our study, five samples reached the breaking stress requirement using a fixed coagulant
concentration (0.25% MgCl2).
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4.3.5

Sensory testing of tofu
Sensory evaluation was conducted twice for pressed tofu made from each soybean

to test their quality (Table 4.13). Tofu made from MS-15 had the highest score, and MS12 had the lowest score in the test for overall sensory quality. For hardness, all tofus
varied from 8.69 to 12.94 (0-15; 15 means very firm). Compared with commercial extra
firm’s score of 14, the pressed tofu showed lower firmness but was significantly firmer
than the commercial soft tofu (score: 2). The elasticity and firmness scores showed a high
correlation (r = 0.99, P < 0.0001), and varied from 8.63 to 12.78. The elasticity of tofu
from the eight soybean lines was also significantly higher than commercial soft tofu and
slightly lower than the extra-firm tofu. The smoothness of tofu was a relatively important
sensory attribute which is difficult to be tested by instrument. The smoothness of eight
tofu products varied from 9.81 to 11.06. The smoothness of commercial soft tofu was 12,
while the smoothness of commercial extra firm tofu was 5. Compared with commercial
tofu, the pressed tofu from the eight soybeans all showed higher the smoothness than
commercial extra-firm tofu, and some of the tofu’s were as smooth as commercial soft
tofu (less than 1 score’s different). Off-flavor sensory was also evaluated to determine
whether the tofu had beany flavor or undesirable flavor. The result showed that none of
the tofus had off-flavor.
No A5 band (approximately 10.2 kDa) was found (Figure 1) for any soybean lines.
The result agreed with the findings of Kim and others (2008), in which they successfully
identified 8 desirable tofu making accessions of Gy4 glycinin gene mutants that did not
produce A5A4B3 subunit. This result helped explain why most tofu had a high sensory
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evaluation scores (range 11- 13 out of 15 maximum overall quality scores), indicating the
8 lines selected are suitable for tofu making.
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11.31±2.02b
9.59±1.88c
8.63±2.00c
11.19±1.41b
11.28±1.93b
11.03±1.61b
9.59±1.68c

MS-06 10.81±1.83b

MS-07 9.63±1.74c

MS-12 8.69±1.90c

MS-15 11.00±1.46b

MS-16 11.09±1.95b

MS-17 10.94±1.69b

MS-20 9.19±1.64c
11.06±1.00a

10.34±1.03bc

10.65±1.00ab

11.04±0.68a

11.00±1.22ab

11.06±0.83a

10.63±1.04ab

9.81±0.95c

Smoothnessc

b

0

0

0

0

0

0

0

0

Off flavord

11.81±1.12abc

12.09±1.40abc

12.19±1.38abc

12.75±1.20a

11.25±1.35c

11.88±1.77abc

12.53±1.02ab

11.78±1.55bc

Overall qualitye

The hardness (scale 0-15) of commercial soft and extra firm tofu was 2 and 14. The elasticity (scale 0-15) of commercial soft and
extra firm tofu was 2 and 14. c The smoothness (scale 0-15) of commercial soft and extra firm tofu was 12 and 5. d 0 represent no
off flavor (scale 0-15). abcde All tests were conducted twice on different days for the tofu made from the same line, using the
commercial tofu as references. e For overall quality scores, with a range of 0-15, 0 being the worse and 15 the best quality. Means
within a column followed by different letters are significantly different (P < 0.05).

a

12.78±1.08a

Elasticityb

MS-01 12.94±1.11a

Hardnessa

Sensory evaluation scores of pressed tofu made from eight selected soybean lines

Code number

Table 4.13
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CHAPTER V
CONCLUSION

Eight soybean lines were pre-screened from 22 lines according to the traits of
protein content (≥ 40%), 11S/7S ratio (≥ 1.45), seed size (≥ 20g/ 100 seeds) and seed
quality (≥ 7). Results from chemical composition analyses and sensory evaluation
showed they were very suitable for pressed tofu making on the basis of sensory
evaluation. The phenolic profile and antioxidant activities of yellow soybean were not
correlated with the quality of seed. Among the eight soybean lines selected, MS-16 was
the highest in phenolic profile content and antioxidant capacity. This line could be further
analyzed for health-benefit potential for introducing to the food processing industry for
health promotion.
The correlation coefficient of 11S/7S ratio and firmness of pressed tofu was not
significant at 0.1 level, the reason may due to the small size (N=8) of soybean samples
and narrow range of 11S/ 7S ratio in selected soybeans. While the sample size was small,
the correlation coefficient of A3 subunit percentage and firmness of pressed tofu was
significant at 0.1 level. Comparing with filled tofu, pressed tofu method was hard to
control due to the relatively complicated possessing method which had several
influencing factors. Tofu making and breaking stress study demonstrated the
correlationship between A3 subunits percentage and firmness of tofu was significant at
0.001 level with higher r value (0.77). The result proved that the percentage of A3 subunit
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could be used as an indicator for predicting the firmness of tofu. The soymilk solid
recovery was high for all eight lines. The bean curd made from soymilk showed no offflavor which could prove the high quality of the soymilk made from the selected lines.
More sensory testing of soymilk should be conducted in the future if soymilk is to be the
final product for consumption.
By using our selection methods, eight lines of soybeans grown in Mississippi in
2014 that were obtained from the USDA National Germplasm Collection Center were
found to be suitable for soymilk and tofu making. If our submitted project is supported by
USDA, these eight lines will be cultivated next year at different locations (include
Stoneville, Mississippi) of USA in different environments to test for the suitability of
planting in different areas and stability of quality for food making. This study provided
valuable information for the growers and food industries in the selection of non-GMO
soybean for food making.
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SCORE SHEET OF PRESSED TOFU SENSORY EVALUATION
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Figure A.1

Descriptive Sensory Evaluation of Pressed Tofu : Score Sheet Part A
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Figure A.2

Descriptive Sensory Evaluation of Pressed Tofu: Sore Sheet Part B
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ANOVA TABLE OF LOCATION AND VARIETY EFFECT ON SOYBEAN GROWN
IN PUERTO RICO AND MISSISSIPPI
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Figure B.1

ANOVA table of location and variety effect on total protein of soybeans
grown in Puerto Rico and Stoneville, Mississippi.

Figure B.2

ANOVA table of location and variety effect on seed weight of soybeans
grown in Puerto Rico and Stoneville, Mississippi.

Figure B.3

ANOVA table of location and variety effect on 11S/7S ratio of soybeans
grown in Puerto Rico and Stoneville, Mississippi.
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